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,QWURGXFWLRQ
'DWDFRQFHUQLQJROLYHNHUQHOJDVLILFDWLRQDUHVFDUFHLQWKHVFLHQWLILFOLWHUDWXUHDQGDOPRVWDOOVWXGLHVIRU
ROLYH NHUQHO WKHUPR FKHPLFDO FRQYHUVLRQ DUH UHSRUWHG E\ UHVHDUFKHUV IURP WKH 0HGLWHUUDQHDQ ,Q
0HGLWHUUDQHDQ FRXQWULHV ROLYH RLO SURGXFWLRQ LV DQ DJULFXOWXUDO DFWLYLW\ RI JUHDW LPSRUWDQFH SURGXFLQJ
DQQXDOO\ODUJHDPRXQWVRIROLYHNHUQHODVDYDOXDEOHE\SURGXFW6SDLQ*UHHFH,WDO\DQG7XQLVLDUHSUHVHQW
 RI WKH ROLYH WUHH FXOWLYDWLRQ DUHD  RI WKH ROLYH WUHHV LQ SURGXFWLRQ DQG  RI WKH ROLYH
SURGXFWLRQZRUOGZLGH >@2Q D JOREDO VFDOH WKH ROLYH RLO SURGXFWLRQ UHDFKHV  WRQV DQQXDOO\
0DLQ VROLG E\SURGXFWV IURP ROLYH RLO SURGXFWLRQ DUH ROLYH NHUQHO DV ZHOO DV ROLYH WUHH SUXQLQJ DQG
KDUYHVW UHVLGXHV &RQYHQWLRQDO FRPEXVWLRQ RI UHVLGXHV IURP ROLYH DQG ROLYH RLO SURGXFWLRQ LV DOUHDG\
DSSOLFDEOH LQ PDQ\ UHJLRQV GXH WR WKH H[WHQGHG ORFDO DJULFXOWXUDO DFWLYLW\ DQG DGGLWLRQDO HQHUJ\
FRQVXPSWLRQGHPDQGV7KHLGHDRIUHSODFLQJWKLVWHFKQRORJ\ZLWKDQHZRQHVXFKDVJDVLILFDWLRQXQGHU
PRUHµHQYLURQPHQWDO IULHQGO\¶WHUPVVHHPVYHU\DWWUDFWLYH0RUHRYHUGLIILFXOWLHVWKDWPDQ\UXUDODUHDV
IDFH LQ RUGHU WR DFKLHYH FRQQHFWLRQZLWK D FHQWUDO SRZHU VXSSO\ V\VWHP DVZHOO DV XQVWDEOH IRVVLO IXHO
SULFHVDFWDVWKHGULYLQJIRUFHIRUELRPDVVH[SORLWDWLRQLQVPDOOGHFHQWUDOL]HGJDVLILFDWLRQXQLWVLQWHJUDWHG
LQVPDOOHQHUJ\SURGXFWLRQV\VWHPV$OWKRXJKFRQYHUVLRQRIELRPDVVWRJDVUHVXOWVLQORVVRIHQHUJ\RI
WRXVHRIJDVIRUSURGXFWLRQRIKHDWDQGSRZHUFDQEHKLJKO\HIILFLHQW
6HYHUDO H[SHULPHQWV UHJDUGLQJELRPDVVJDVLILFDWLRQZHUHFRQGXFWHGE\GLIIHUHQWDXWKRUVKDYLQJDVD
FRPPRQWDUJHW WKHRSWLPL]DWLRQRISURGXFHUJDVTXDOLW\0DUWLQH]HWDO >@PDGHD UHYLHZRISXEOLVKHG
SDSHUVRQ WKHHIIHFWVRI WKHSDUWLFOHVL]HDQG WKHPRLVWXUHFRQWHQWRIELRPDVVIHHGVWRFNDQG WKHDLUIXHO
UDWLRXVHGLQWKHJDVLILFDWLRQSURFHVVZLWKUHJDUGWRWKHTXDOLW\RIWKHSURGXFHUJDV7KHORZKHDWLQJYDOXH
DQG WKH SURFHVV FROG HIILFLHQF\ IRU D GRZQGUDIW W\SH UHDFWRU ZHUH DURXQG  0-1P DQG 
UHVSHFWLYHO\,QDQRWKHUSDSHU>@ WKHVDPHDXWKRUSUHVHQWHGDQDVVHVVPHQWRIZRRGJDVLILFDWLRQLQD
N:WK GRZQGUDIW GRXEOH VWDJH UHDFWRU 7KH JDVLILHU HQDEOHG WKH DFKLHYHPHQW RI D FRPEXVWLEOH JDV ZLWK
OHYHOVRI&2&+DQG+RIDQGYGEDW1PKRIWRWDODLUIORZDQGDQ$5HTXDO
WR$WWKHVHFRQGLWLRQVWKHORZHUFDORULILFYDOXHRIWKHSURGXFHUJDVZDVDURXQG0-1P
-DRMDUXHNHWDO>@FRQGXFWHGH[SHULPHQWVRQWKUHHGLIIHUHQWGRZQGUDIWJDVLILFDWLRQDSSURDFKHVVLQJOH
VWDJH FRQYHQWLRQDO WZRVWDJH DQG DQ LQQRYDWLYH WZR VWDJH DLU DQG SUHPL[HG DLUJDV VXSSO\ DSSURDFK
7KURXJK WKH ODVW DSSURDFK ++9 DQG WDU LPSURYHG XS WR  0-1P DQG GRZQ WR  PJ1P
UHVSHFWLYHO\ 7KHUHIRUH WKLV PHWKRG FDQ ORZHU WDU FRQWHQW VXIILFLHQWO\ WR IHHG WKH JDV GLUHFWO\ WR WKH
LQWHUQDO FRPEXVWLRQ HQJLQH$ VPDOO VFDOH IL[HGEHGGRZQGUDIW JDVLILHU WREH IHGZLWK DJULFXOWXUDO DQG
IRUHVWU\UHVLGXHVKDVEHHQGHVLJQHGDQGFRQVWUXFWHGE\2OJXQHWDO>@1RRSHUDWLRQDOSUREOHPVVXFKDV
WDUEORFNDJHDJJORPHUDWLRQSURFHVVEUHDNGRZQZHUHREVHUYHGZLWKZRRGFKLSVDQGKD]HOQXWVKHOOV
6KDUPDHWDO >@FRQGXFWHGDQH[SHULPHQWDOVWXG\RQDGRZQGUDIWELRPDVVJDVLILHUV\VWHPLQFOXGLQJ
FRROLQJFOHDQLQJ XQLW WR REWDLQ IOXLG IORZ FKDUDFWHULVWLFV LQ LVRWKHUPDO DPELHQW DLUIORZ ,Q WKH UHDFWLYH
EHGWKHLQLWLDOLQFUHDVHLQJDVIORZUDWHUHVXOWHGLQUDLVHGUHDFWLRQWHPSHUDWXUHVOHDGLQJWRKLJKHUFDORULILF
YDOXHRIWKHSURGXFWJDVDQGKHQFHEHWWHUSHUIRUPDQFH$QH[SHULPHQWDOVWXG\RQDN:WKGRZQGUDIW
JDVLILHUV\VWHPKDVEHHQFDUULHGRXWE\WKHVDPHDXWKRU>@WRREWDLQWHPSHUDWXUHSURILOHJDVFRPSRVLWLRQ
FDORULILFYDOXHDQGWUHQGVIRUSUHVVXUHGURSDFURVVWKHSRURXVJDVLILHUEHGDQGFRROLQJFOHDQLQJV\VWHP
7KHKLJKHUWHPSHUDWXUHLQEHGWHQGVWREHWWHUFRQYHUVLRQIURPQRQFRPEXVWLEOHVFRPSRQHQWVOLNH&2
+2 LQWR FRPEXVWLEOH FRPSRQHQW OLNH &2+ LQ WKH SURGXFHG JDV DQG WKXV LPSURYHV LWV FDORULILF
YDOXH7KHVWXG\RI6NRXORX HW DO >@SUHVHQWHGD ODERUDWRU\ IL[HGEHGJDVLILFDWLRQRIROLYHNHUQHOVDQG
ROLYH WUHHFXWWLQJV([SHULPHQWDO UHVXOWV VKRZHG WKDWJDVLILFDWLRQZLWKDLU DWKLJK WHPSHUDWXUHV ̎&
IDYRXUHGJDV\LHOGV,WZDVIRXQGWKDWJDVIURPROLYHWUHHFXWWLQJVDW&DQGZLWKDQDLUHTXLYDOHQFH
UDWLRRIKDGDKLJKHU/+90-1PLQFRPSDULVRQWRROLYHNHUQHOV0-1PDWWKHVDPH
JDVLILFDWLRQFRQGLWLRQV
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7KHSXUSRVHRI WKLVSDSHU LV WRSUHVHQW LQGHWDLO DSURWRW\SHJDVLILFDWLRQ V\VWHPFRXSOHGZLWKDJDV
HQJLQHDQGWRPDNHDILUVWDVVHVVPHQWRILWVRSHUDWLRQLQWHUPVRIJDVFRPSRVLWLRQDQGSUHVVXUHGURS7KH
IXHO XVHG GXULQJ WKH H[SHULPHQWV SUHVHQWHG LQ WKLV VWXG\ZDV ROLYH NHUQHO ZKHUHDV WKH WHVWLQJ RI ROLYH
OHDYHVDQGSUXQLQJLVFXUUHQWO\LQSURJUHVV

*DVLILHUV\VWHPGHVFULSWLRQ
$VFKHPDWLFRIWKH$QNXU>@%LRPDVV*DVLILHU6\VWHP:%*LVJLYHQLQ)LJZKHUHWKHFULWLFDO
FRPSRQHQWVKDYHEHHQLGHQWLILHG

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
)LJ*DVLILHUZLWKJDVHQJLQH$QNXU
7KH ELRPDVV LV IHG WKURXJK WKH VNLS FKDUJHU LQWR IHHG VKHOO DQG LV VWRUHG LQ WKH KRSSHU /LPLWHG DQG
FRQWUROOHGDPRXQWRIDLUIRUSDUWLDOFRPEXVWLRQHQWHUVWKURXJKWKHDLUQR]]OHV7KHUHDFWRUKROGVFKDUFRDO
IRUUHGXFWLRQRISDUWLDOFRPEXVWLRQSURGXFWVZKLOHDOORZLQJWKHDVKWRHVFDSH7KHGU\DVKWKDWIDOOVRXWRI
UHDFWRUJHWVFROOHFWHGLQWKHVODQWHGWDEOHRIUHDFWRUDQGIURPWKHUHLWLVWDNHQRXWZLWKWKHKHOSRIDVFUHZ
FRQYH\RU3DUDPHWHUVRIWKHJDVLILHUJDVHQJLQHDQGJHQHUDWRUDUHGHSLFWHGLQ7DEOH

7DEOH*DVLILHUHQJLQHDQGJHQHUDWRUSDUDPHWHUV

7KHJDVRXWOHWWXEHLVFRQQHFWHGZLWKUHDFWRUVRXWOHWZKLFKGULYHVWKHSURGXFHUJDVWRDF\FORQH7KHQD
9HQWXUL VFUXEEHU DQG D KHDW H[FKDQJHUZLWK FKLOOHU DQG DPLVW HOLPLQDWRU DUH IROORZLQJ ,Q DGGLWLRQ D
SDUDOOHO VHW RI ILQH ILOWHUV DQG D SOHDWHGVDIHW\ ILOWHU FRQWULEXWH PXFK WR WKH FOHDQLQJ SURFHVV RI WKH
ǻ31
ǻ3*
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SURGXFHUJDV*DVEORZHUDIWHUWKHILOWHUVLVQHFHVVDU\IRUGHOLYHULQJWKHJDVWRWKHHQJLQH$IWHUWKHILOWHUV
DKHDGHUER[ZLWKIODUHDVVHPEO\DQG)&9)XOO\&ORVHG9DOYHYDOYHVIRUWKHHQJLQHLVSODFHGLQRUGHU
WRIDFLOLWDWHUXQQLQJRIWKHV\VWHPLQXOWUDFOHDQJDVPRGH

)HHGLQJV\VWHPDQGUHDFWRU
7KH IHHG VKHOO VWRUHV ELRPDVV LQ DLU WLJKW FRPSDUWPHQW EHIRUH GLVFKDUJLQJ LW LQWR WKH KRSSHU RI WKH
JDVLILHU7KH IHHG VKHOO KDV WZRSQHXPDWLFDOO\RSHUDWHGGRRUVRQHRQ WRS DQG WKHRWKHU DW WKHERWWRP
7KLVLVWRSUHYHQWLQJUHVVRIH[FHVVDLULQWRWKHJDVLILHU7KHUH¶VDYLEUDWRUPRWRUILWWHGRQWKHIHHGVKHOO
ZKLFKRSHUDWHVRQO\ZKHQWKHERWWRPIHHGGRRULVLQRSHQFRQGLWLRQDQGDVVLVWVWKHGLVFKDUJHRIELRPDVV
LQWRWKHKRSSHU7KHKRSSHUSHUIRUPVWKUHHIXQFWLRQVVWHSVRIJDVLILFDWLRQQDPHO\GU\LQJS\URO\VLVDQG
FRPEXVWLRQ ,W KDVSQHXPDWLFPDQXDO DLU QR]]OHV IRU LQMHFWLRQRI DLU LQWR FRPEXVWLRQ ]RQH7ZRZRRG
OHYHOVHQVRUVDUHSURYLGHGWRJLYHVLJQDOVIRUFRQWUROOLQJELRPDVVIHHGDVZHOODVVDIHVKXWGRZQRIWKH
JDVLILHUV\VWHP7KHUH¶VDYLEUDWRUPRWRUIRUXQLIRUPIORZRIELRPDVV$SUHVVXUHSRLQW LVSURYLGHGIRU
UHDGLQJ RI SUHVVXUH GURS DFURVV QR]]OHV ǻ31 WR GHWHUPLQH DLU IORZ $ FRPEXVWLRQ FRQH LV LQVWDOOHG
EHWZHHQWKHKRSSHUDQGWKHUHDFWRU
7KHUHDFWRUSHUIRUPVWKHUHGXFWLRQVWHSDQGWKXVSURGXFWLRQRISURGXFHUJDV,QFDVHRIRXUV\VWHPWKH
UHDFWRU LV ILOOHG ZLWK UHFRPPHQGHG VL]H FKDUFRDO 7KH UHDFWRU WDEOH ZLWK SURSULHWDU\ URWRU KROGV WKH
FKDUFRDOEHGDQGWKHFRPEURWRUKHOSVLQPDLQWDLQLQJDFRQVLVWHQWFKDUFRDOEHGE\UHPRYLQJDVKIURPLW
$SUHVVXUHSRLQWLVSURYLGHGRQWKHUHDFWRU)LJIRUUHDGLQJWKHSUHVVXUHGURSǻ3*XSWRWKHH[LWRI
WKH FKDUFRDO EHG ZKLFK GHWHUPLQHV WKH FKDUFRDO EHG FRQGLWLRQ$ ZDWHU FROXPQPDQRPHWHU SUHVVXUH
WUDQVPLWWHU LV FRQQHFWHG WRPHDVXUH WKHJDVLILHUSUHVVXUHGURSNQRZQDVǻ3*7KHDVK UHPRYDO V\VWHP
IURP WKH UHDFWRU LV GU\ GLVFKDUJH ,Q FDVH RI GU\ DVK GLVFKDUJH V\VWHP WKHUH LV D VFUHZ FRQYH\RU
FRQQHFWHGDWWKHERWWRPRIWKHUHDFWRU:DWHULVFLUFXODWHGLQWKHMDFNHWRIWKHVFUHZFRQYH\RU7KLVEULQJV
GRZQWKHWHPSHUDWXUHRIDVKWRDOPRVWDPELHQWWHPSHUDWXUH

*DVFOHDQLQJDQGFRROLQJV\VWHP
7KH KRW JDV FOHDQLQJ DQG FRROLQJ V\VWHP FRQVLVWV RI F\FORQH 9HQWXUL VFUXEEHU ZHW EORZHU KHDW
H[FKDQJHUZLWKFKLOOHUPLVWHOLPLQDWRUILQHILOWHUVDQGSOHDWHGFDUWULGJHILOWHU
&\FORQH7KHFDUERQSDUWLFXODWHV IURPWKHKRWJDVDUH WUDSSHGZKHQSDVVLQJ WKURXJK WKHF\FORQH
DQGDUHFROOHFWHGLQWKHDVKFROOHFWLRQER[7KHUHDUHWZRSQHXPDWLFPDQXDOYDOYHVDQGDQDVKFROOHFWLRQ
ER[DWWKHERWWRPRIWKHF\FORQH
+RWJDVOLQH7KHKRWJDVOLQHKDVDWHPSHUDWXUHRI&WR&7KLVOLQHLVIURPWKHJDVLILHU
RXWOHWWRWKH9HQWXULVFUXEEHULQOHW
9HQWXULVFUXEEHU3HUIRUPVFRROLQJDQGFOHDQLQJRIKRWJDVE\VSUD\LQJSUHVVXUL]HGZDWHUMHWRQLW
DQGUHGXFLQJWKHJDVWHPSHUDWXUHWR&:DWHUGUDLQVGRZQDQGWKHFROGJDVSDVVHVWKURXJKGUDLQ
ER[JDVRXWOHWWRWKHZHWEORZHU7KHUHLVDWHPSHUDWXUHVHQVRUILWWHGRQWKHGUDLQER[WRPHDVXUHWKHFROG
JDVWHPSHUDWXUH
:HW EORZHU7KH ZHW EORZHU KHOSV LQ VXFNLQJ RI FRQWUROOHG DPRXQW RI DLU LQWR WKH JDVLILHU IRU
SDUWLDO FRPEXVWLRQ DQG VXFWLRQ DQG GHOLYHU\ RI SURGXFHU JDV WR WKH SRLQW RI HQG XVH 7KH ZHW EORZHU
SHUIRUPVWKHJDVIORZFRQWURODQGDQDGGLWLRQDOFOHDQLQJRIJDVWKURXJKZDWHULQMHFWLRQ
6HSDUDWLRQER[3URGXFHUJDVDQGZDWHUJHWFDUULHGIRUZDUGWRWKHVHSDUDWLRQER[ZKHUHZDWHUDQG
SURGXFHUJDVJHWVHSDUDWHG
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 +HDW H[FKDQJHU &ROG ZDWHU IURP FKLOOHU LV FLUFXODWHG LQ WKH KHDW H[FKDQJHU DQG SURGXFHU JDV
SDVVHV WKURXJK WKH WXEHV LQ WKHKHDWH[FKDQJHU7KH WHPSHUDWXUHRIFKLOOHGZDWHU VKRXOGEHPDLQWDLQHG
DURXQG&7KHFKLOOHGZDWHUHQWHUV IURP WKHERWWRPRI WKHKHDWH[FKDQJHU FLUFXODWHVDFURVV WKH
WXEHV DQG FRPHV RXW IURP WKH WRS RI WKH KHDW H[FKDQJHU 7KH ZDWHU YDSRXU DQG WUDFHV RI OLJKW WDU
FRQGHQVHJRGRZQWKHERWWRPRIWKHKHDWH[FKDQJHUDQGGUDLQRXWWRWKHFRPERWDQN
&KLOOHU7KHFKLOOHU LVRI757RQQDJH5HIULJHUDWLRQFDSDFLW\KDYLQJZDWHU IORZUDWHRI
PKU 7KHZDWHU LQOHW WHPSHUDWXUH LV & DQGZDWHU RXWOHW WHPSHUDWXUH LV &7KH FKLOOHU LV XVHG WR
FLUFXODWHFKLOOHGZDWHUWRWKHH[WHUQDOMDFNHWRIKHDWH[FKDQJHU7KHFKLOOHGZDWHUIURPFKLOOHURXWOHWLVIHG
WRKHDWH[FKDQJHU LQOHW7KHZDWHU IURPKHDWH[FKDQJHU LV WKHQUHWXUQHGEDFN WR WKHFKLOOHU IRUFRROLQJ
7KHFKLOOHGZDWHULQKHDWH[FKDQJHULVXVHGWRFRQGHQVHWKHYDSRXUFRQWHQWLQWKHSURGXFHUJDV
0LVWHOLPLQDWRU,WDVVLVWVLQUHPRYDORIPLVWSUHVHQWLQWKHSURGXFHUJDVDIWHUWKHZHWEORZHURUWKH
KHDWH[FKDQJHUEXWEHIRUHWKHDFWLYHILQHILOWHU7KHSURGXFHUJDVLQWKHPLVWHOLPLQDWRUHQWHUVIURPWKH
ERWWRPLQOHWSLSHDQGFRPHVRXWIURPWKHWRSRXWOHWSLSHDIWHUSDVVLQJWKURXJKWKHILOWHUPHGLD7KHPLVW
HOLPLQDWRU LV ILOOHGZLWKZRRG FKLSV VL]H PP;PP;PP RUZRRG SLHFHV VL]H PP
GLDPHWHU;PPORQJDVWKHILOWHULQJPHGLDXSWRWKHOHYHOLQGLFDWHG
)LQHILOWHUV7KHVHILOWHUVKDYLQJWKHUROHRIIXUWKHUFOHDQLQJWKHJDVDUHRSHUDWLQJRQDWHPSHUDWXUH
VOLJKWO\DERYHWKHDPELHQW&)LQHFDUERQSDUWLFOHVIURPWKHSURGXFHUJDVJHWWUDSSHGLQWKHILOWHU
PHGLD 7KHVHILQHILOWHUVDUHILOOHGZLWKJUDGHGVDZGXVWDVILOWHULQJPHGLD3URGXFHUJDVHQWHUVWKHILQH
ILOWHUVWKURXJKWKHLQOHWIURPWRSVLGHDQGDIWHUILOWHULQJFRPHVRXWIURPWKHRXWOHWDWWKHERWWRPVLGH
3OHDWHGVDIHW\ILOWHU,WSHUIRUPVWKHIXQFWLRQRIILQDOFOHDQLQJRIWKHSURGXFHUJDVDQGDOVRDFWVDV
DFKHFNVDIHW\ILOWHUWREORFNWKHJDVIORZLQFDVHRIGLUW\JDVUHDFKLQJXSWRWKLVSRLQW
)LQDOO\WKHPDLQIODUHLVXVHGDWWKHVWDUWXSRIWKHJDVLILHU:KHQWKHSURGXFHUJDVKDVDJRRGTXDOLW\WKH
V\VWHP VWDUWV WKHPDLQ IODUH LV E\SDVVHG DQG WKH JDVJRHV WR WKH HQJLQH7KH WHVW IODUH LV SURYLGHG WR
FKHFNZKHWKHUWKHSURGXFHUJDVJHWVLJQLWHGRUQRW

,QVWUXPHQWDWLRQDQGPHDVXUHPHQWDUUDQJHPHQWV
9DULDQ&3*DV&KURPDWRJUDSKZDVXVHG WRPHDVXUH WKHFRPSRVLWLRQRISURGXFHUJDV7KH*&
ZDVFDOLEUDWHGXVLQJ WKH IROORZLQJFDOLEUDWLRQJDVPL[WXUHRI&2+&+&2DQG
17KHFDOLEUDWLRQPL[WXUHZDVLQMHFWHGWRWKH0ROVLHYHFROXPQRI*&&KDQQHOZLWK$UJRQDV
FDUULHU JDV &KDQQHO  HTXLSSHGZLWK D&S3RUD3ORW8 FROXPQZDV XVHG IRU GHWHFWLQJ &2 LQ WKH JDV
VDPSOH7KHVDPSOLQJSRLQWZDVORFDWHGDIWHUWKHSOHDWHGVDIHW\ILOWHUDVVKRZQLQ)LJ

 
)LJ*DV6DPSOLQJSRLQWOHIWDQGJDV9DULDQ&3ZLWK3&ULJKW**DVLILHU&&\FORQH66FUXEEHU:%:HW%ORZHU
6%6HSDUDWLRQ%R[+(+HDW([FKDQJHU)))LQH)LOWHU)))LQH)LOWHU6)6DIHW\)LOWHU
%\FRPSDULQJ WKHDUHDVRISHDNV IRUFDOLEUDWLRQJDVDQGJDV VDPSOH WKHFRPSRVLWLRQRI JDV VDPSOH
ZDVSUHGLFWHGE\WKHFRPSXWHUVRIWZDUH6WDU:RUNVWDWLRQY


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:RUNLQJPRGHRIJDVLILHU
'XULQJ WKHPHDVXUHPHQW WKHJDVLILHUZDVZRUNLQJDW IXOO ORDGZLWKD UDWHGJDV IORZRI1PKU
$FFRUGLQJWRWKHWHFKQLFDOVSHFLILFDWLRQVRIWKHJDVLILHUWKHDYHUDJHJDVFDORULILFYDOXHLV0-1P
$IWHUDQKRXURIRSHUDWLRQWKHVWHDG\VWDWHRIJDVLILHUZDVDFFRPSOLVKHG,QWKLVVWDWHJDVPHDVXUHPHQW
VWDUWHGDQG ODVWHG IRUDERXWKRXU(YHU\PLQXWHVDFKURPDWRJUDPSHDNVFRUUHVSRQGLQJ WRGLIIHUHQW
JDVHVZDVPRQLWRUHGLQWKH3&ZKLOHSUHVVXUHGURSRIJDVLILHUǻ3*DQGSUHVVXUHGURSRIQR]]OHVǻ31
ZHUHUHFRUGHGPDQXDOO\7KHVDPHPHDVXUHPHQWZDVUHSHDWHGDIWHUKRXUVQGGD\LQRUGHUWRFKHFN
WKHUHSHDWDELOLW\RIWKHJDVFRPSRVLWLRQUHVXOWV 
)HHGVWRFNDQDO\VLVDQGPHWKRGRORJ\IROORZHG
)LJVKRZVDSLFWXUHRIWKHROLYHNHUQHOXVHGLQWKLVJDVLILFDWLRQV\VWHP7KHVHUHVLGXHVDUHREWDLQHGLQ
WKHPLOOVGXULQJ WKHROLYHRLO H[WUDFWLRQSURFHVV7KHXOWLPDWHDQGSUR[LPDWHDQDO\VHVFRQGXFWHG LQ WKH
ODERUDWRU\ RI &(57+,6)7$ DUH GHSLFWHG LQ 7DEOH  (DFK DQDO\VLV ZDV FRQGXFWHG IROORZLQJ WKH
(XURSHDQ 7HFKQLFDO 6SHFLILFDWLRQV IRU VROLG ELRIXHOV  6LQFH IRU PRVW RI WKH DQDO\VHV D SDUWLFOH VL]H
VPDOOHUWKDQPPZDVUHTXLUHGLWZDVQHFHVVDU\WRUHGXFHWKHJUDQXORPHWU\RIWKHVDPSOH7KHUHIRUHD
)ULWVFKXQLYHUVDOFXWWLQJPLOOZLWKDVLHYHVL]HRIPPZDVXVHG
7DEOH&KHPLFDODQDO\VLVUHVXOWVRIROLYHNHUQHO
3UR[LPDWH $QDO\VLV 5HVXOW 8QLW 0HWKRGRORJ\
0RLVWXUH  DU &(176
9RODWLOHV  GE &(176
$VK  GE &(176
)L[HGFDUERQ  GE )& 9RO$VK
8OWLPDWH DQDO\VLV
&DUERQ  GE &(176
+\GURJHQ  GE &(176
1LWURJHQ  GE &(176
6XOIXU  GE &(176
&KORULQH  GE &(176
2[\JHQ  GE 2 &+16$VK
*URVV+HDWLQJ9DOXH  .FDO.J &(176

0RLVWXUHFRQWHQW$VLPSOLILHGPHWKRGRIGU\LQJLQDIXUQDFHLVXVHGWRGHWHUPLQHWKHPRLVWXUHFRQWHQW
7KH VDPSOH WR EH DQDO\]HG LV H[WHQGHG RQ DSODWH DQG LQWURGXFHG LQWR D IXUQDFHZKHUH LW UHPDLQV DW D
WHPSHUDWXUHRI&GXULQJDSHULRGQRWORQJHUWKDQK7KHPRLVWXUHFRQWHQWLVREWDLQHGE\ZHLJKLQJ
WKHPDWHULDO
3UR[LPDWHDQDO\VLV,QRUGHUWRGHWHUPLQHWKHYRODWLOHPDWWHUFRQWHQWWKHVDPSOHPDWHULDOLVFRYHUHGDQG
WKHQKHDWHGLQDPXIIOHIXUQDFHDWDWHPSHUDWXUHRI&IRUPLQ:KHQWKHWHPSHUDWXUHKDVFRROHG
GRZQWKHVDPSOHLV LQWURGXFHGLQWRDGHVLFFDWRUVRWKDW WKHORVVRIYRODWLOHPDWWHUFDQEHFDOFXODWHGE\
ZHLJKLQJ WKHGLIIHUHQFHV$V IDUDV WKHDVKFRQWHQW WKH VDPSOHVDUH LQWURGXFHG LQWR WKHPXIIOH IXUQDFH
ZKRVHWHPSHUDWXUHLVLQFUHDVHGXSWR&LQFUHDVHRI&PLQ7KHWHPSHUDWXUHLVNHSWIRUPLQ
863 Nikolaos. K. Margaritis et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  857 – 867 
DQGLVWKHQLQFUHDVHGDJDLQXQWLOLWUHDFKHV&NHHSLQJWKDWWHPSHUDWXUHIRUPLQ2QFHPRUHZH
REWDLQWKHDVKFRQWHQWE\ZHLJKLQJWKHGLIIHUHQFH
8OWLPDWHDQDO\VLV7KHHTXLSPHQWXVHGLQWKLVWHVW LVDQHOHPHQWDODQDO\]HUW\SH&+16VHULHV,,
IURP3HUNLQ(OPHU DQG WKH RSWLRQ RI DQDO\]LQJ WKH&+1 DQG6 HOHPHQWV VLPXOWDQHRXVO\&KORULQH
FRQWHQW ZDV GHWHUPLQHG WKURXJK FRPEXVWLRQ LQ DQ R[\JHQ ERPE DQG DEVRUSWLRQ RI WKH FKORULGH JDV
FRPSRQHQWVLQDVROXWLRQ
+HDWLQJYDOXH$ERPEFDORULPHWHURIWKHW\SH/HFR$&LVXVHGEHFDXVHLWLVDEOHWRZLWKVWDQGZLWK
VHFXULW\WKHKLJKSUHVVXUHJHQHUDWHGGXULQJWKHFRPEXVWLRQSURFHVV

 
)LJ2OLYHNHUQHOXVHGLQWKHJDVLILHU

([SHULPHQWDOUHVXOWV
)LJVKRZVWKHFKURPDWRJUDPRIWKH&30ROVLHYHFKDQQHO6HSDUDWLRQRIQLWURJHQ1R[\JHQ2
K\GURJHQ+DQGPHWKDQH&+ZDVDFKLHYHG7KHILUVWSHDNFRUUHVSRQGVWRQLWURJHQZKHUHDVR[\JHQ
K\GURJHQDQGPHWKDQHDUHIROORZLQJ


)LJ*DVFKURPDWRJUDPVRIILUVWVHYHQVDPSOHLQMHFWLRQV
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&DOLEUDWLRQIRU2ZDVPDGHZLWKDLU:KHQFDOLEUDWLQJIRUR[\JHQWKHDPRXQWRIDUJRQKDVWREHWDNHQ
LQWRDFFRXQW8VXDOO\ WKHFRQFHQWUDWLRQRI$U LQDLU LV6RZHDVVXPHWKDW WKH VHFRQGSHDN LVD
UHSUHVHQWDWLYH DPRXQW RI2 DQG DUJRQ &2ZDV GHWHFWHG LQ FKDQQHO  HTXLSSHGZLWK &33RUD3ORW8
FROXPQZLWK+HDVWKHFDUULHUJDVZKHUHDV&2LVH[WUDFWHGIURPHTXDWLRQ$VIDUDVJDVLPSXULWLHVWKH
FRQWHQW RI WDUV LV EHORZ PJP WKH FRQWHQW RI SDUWLFXODWHPDWWHUV LV EHORZ PJP ZKHUHDV WKH
PRLVWXUHFRQWHQW+2LVDSSUR[LPDWHO\DQGPD[LPXP2FRQWHQWLVOLPLWYDOXHVUHSRUWHGE\
WKH PDQXIDFWXUHU RI WKH JDVLILHU ,Q DGGLWLRQ WKH FRQFHQWUDWLRQ RI KHDYLHU K\GURFDUERQV &[+\ ZDV
DVVXPHGDV]HUR
&2 12$U+&+&2+2     
7KHWRWDOWLPHSHULRGRIHDFKDQDO\VLVLVOHVVWKDQPLQXWHV7KHDYHUDJHUHVXOWVRIWHQJDVVDPSOLQJVDUH
VKRZQ LQ 7DEOH  7KH DYHUDJH FRPSRVLWLRQ RI JDV VW GD\ LV12$U+
&+&2DQG&27KHVWDQGDUGGHYLDWLRQKDVEHHQFDOFXODWHGIRUHDFKFRPSRQHQW
LQGLFDWLQJWKHDFFXUDF\RIJDVDQDO\VLV7KHUHVXOWVDUHSUHVHQWHGWKURXJKDEHWWHUZD\LQ)LJZKHUHDOO
FRPSRQHQWVRIJDVDUHGHSLFWHG'XULQJWKHPHDVXUHPHQWWKHSUHVVXUHGURSRIJDVLILHUDQGQR]]OHVZHUH
UHFRUGHG PDQXDOO\ DQG DUH SUHVHQWHG LQ )LJ ǻ3* LV LQ WKH UDQJH RI  PP RI ZDWHU FROXPQ
ZKHUHDVSUHVVXUHGURS LQQR]]OHVǻ31DQ LQGLFDWLRQRIDLU IORZ LV LQ WKH UDQJHRIPPRIZDWHU
FROXPQ7KHVDPHPHDVXUHPHQWLVUHSHDWHGLQWKHQGGD\ZLWKDOPRVWWKHVDPHUHVXOWVDVVKRZQLQ)LJ
DQG)LJ*DVVDPSOLQJVWDUWVDJDLQDIWHUKRIJDVLILHUZRUNLQJDWIXOOORDGLQRUGHUWRDVVXUHWKDWWKH
VWHDG\VWDWHRIJDVLILHULVDFFRPSOLVKHG
7DEOH$YHUDJHUHVXOWVRIWHQPHDVXUHPHQWVGXULQJVWDQGQGGD\
 1LWURJHQ
2[\JHQ
$UJRQ +\GURJHQ 0HWKDQH
&DUERQ
'LR[LGH
&DUERQ
0RQR[LGH
 1 >@ 2 ±$U>@ + >@ &+ >@ &2 >@ &2>@
VWGD\      
$YHUDJH      
56'      
QGGD\      
$YHUDJH      
56'      
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)LJ9DOXHVRIJDVFRPSRQHQWV1+&+&2&2GXULQJ
RSHUDWLRQRIJDVLILHUDWIXOOORDGVWGD\
)LJ3UHVVXUHGURSDFURVVWKHJDVLILHUǻ3*DQGQR]]OHV
ǻ31GXULQJRSHUDWLRQRIJDVLILHUDWIXOOORDGVWGD\
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)LJ9DOXHVRIJDVFRPSRQHQWV1+&+&2&2GXULQJ
RSHUDWLRQRIJDVLILHUDWIXOOORDGQGGD\
)LJ3UHVVXUHGURSDFURVVWKHJDVLILHUǻ3*DQGQR]]OHV
ǻ31GXULQJRSHUDWLRQRIJDVLILHUDWIXOOORDGQGGD\
*DVTXDOLW\
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